INTRODUCTION
Compounds such as tri-, di-and monomethylamine have been shown to serve as growth substrates for Methanosarcina barkeri [1, 2] . The products formed from these compounds are methane, carbon dioxide and ammonia. Dimethylethylamine has also been reported to serve as growth substrate for M. barkeri [1] , but its fate in this fermentation has not been studied. Here we show that both methyl groups are removed from that compound during methanogenesis and that ethylamine is a product.
MATERIALS AND METHODS
M. barkeri strain Fusaro (DSM804; ATCC 29787) was obtained from the Deutsche Sammlung von Mikroorganismen (DSM), GGttingen. The growth medium used was as described [1]. 2 M solutions of dimethylamine or methylethylamine were neutralized, filter-sterilized, freed from oxygen by flushing with 80% N2/20% CO 2 and injected into the autoclaved medium. The final substrate concentration was 25 mM. Growth experiments were done in 500-ml flasks containing 200 ml medium. Inoculation was done with 5% of an actively growing culture. The incubation temperature was 37°C.
Cell dry weight was determined with a Tocamaster 915 B Carbon Analyzer (Beckman Instruments). Temperatures of the detector, the oven for inorganic carbon and the oven for organic carbon were 60°C, 155°C and 950°C, respectively. 80% N 2 and 20% 02 were used as carrier gas at a flow rate of 300 ml/min. Standards were potassium biphthalate and a sodium carbonate/sodium bicarbonate mixture. Aliquots of the culture (3 ml) were washed twice with 0.5% (w/v) potassium phosphate buffer, pH 7.0 (CO 2 free), and the pellet was suspended in the same volume as the above buffer. Samples of 20-150 /~1 were injected. Cell dry weight was calculated from organic carbon by multiplying the data obtained with 2.7 (1 ppm carbon "--2.7/~g dry weight). The latter factor was derived from determinations of cell carbon by this method and cell dry weight by the membrane filter method [1] using samples of a grown-up culture of
The amines were determined by gas chromatography using a Perkin-Elmer Model 900, equipped with a 3 m x 2 mm glass column, packed with Chromosorb G-AW containing 5% (w/w) Amine 220 and 5% (w/w) KOH. Temperatures of the injector, the oven and the detector were 105°C. Temperatures of the injector, the oven and the detector were 105°C, 55°C and 150°C, respectively. Nitrogen was used as a carrier gas at a flow rate of 8 ml/min. Before injection, a 200-/11 sam-pie was treated with 50 /~1 of 6 N KOH in a stoppered tube, 2 /~1 were injected. Total gas and methane were determined by gas chromatography as described [1,3].
RESULTS AND DISCUSSION
A culture medium containing dimethylethylamine as the only energy source was inoculated with M. barkeri which had been grown on this substrate. Concentrations of dimethylethylamine, methylethylamine, and ethylamine as well as methane production and cell dry weight were determined during growth. The results are depicted in Fig. 1 . Dimethylethylamine was totally consumed after 100 h of growth. Methylethylamine was accumulated up to this point and consumed afterwards. The final products of this fermentation apparently were ethylamine, methane and presumably carbon dioxide (not determined). 71% of the methyl groups present in the medium in the form of dimethylethylamine were recovered as methane which is close to the theoretical value of 75%. 26 mmol/1 of dimethylethylamine were converted to approx. 25 mmol/1 of ethylamine. These values are in agreement with the following equation: 2 (CH3)2C2Hs-NC1 + 2 H20 ~ 3CH 4 + CO 2 + 2C2Hs-NH3C1
The cell yield was 5.3 mg dry weight/mmol of methane which corresponded to values reported for growth of M. barkeri on methanol or methylamines [ 1 ].
The experiment described showed also that methylethylamine served as growth substrate for M. barkeri. This could be confirmed in separate experiments. However, growth could only reproducibly be obtained if the inoculum had been grown on dimethylethylamine. Methane formation in Fig. 1 is biphasic. The degradation of dimethylethylamine apparently was faster than that of methylethylamine, and an intermediary accumulation of the latter was observed. An analogous accumulation of dimethylamine was reported for 
M. barkeri growing on trimethylamine [1] and for
Hyphomicrobium strain X when it utilized trimethylamine and nitrate [4] . It seems unlikely that the ability of M. barkeri to utilize dimethylethylamine is of any biological significance. Presumably it is demethylated by the methyl transferases for trimethylamine and dimethylamine which have been demonstrated in cell extracts of M. barkeri (E. Naumann and K. Fahlbusch, unpublished data). That dimethylethylamine can serve as substrate for these enzymes may be very useful in connection with their further characterization.
